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the scheme for co- ( 4 ' -methylbiphenyl-4- yl ) ethanethiol (BP2) 
(AdSH) was explored. It was found that BP2 packing is 
network pores compared to uniform sisif-ass.o.^Coisd 
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monolayers ( SAMs) . In addition, AdSH has indeed been inserted and that the 
new mols. are attached directly to the Au substrate. Moreover, AdSH was 
observed to be important to ensure lateral stability of the BP2/Cu 
nanoislands. It can be stated that the strategy presented allows the 
preparation of binary SAMs carrying an extended pattern with unprecedented 
resolution 
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Scanning tunneling microscopy (STM) is used for replacement patterning of 
self- i s (°^!:) of thiols on a sub-10 nm scale. Contrasting 

other schemes of scanning probe patterniu r f , the exchange of mols. 

relies on differences in conductance and, thus, occurs under tunneling 
conditions where the resolution of the tip is maintained. Exchange takes 
place at the boundary between different thiols but only when the tip moves 
from areas of lower to higher conductance. In combination with SAMsj which 
exhibit excellent structural quality, patterns with a contour definition of ±1 
mol., lines as thin as 2.5 nm and islands with an area of less than 20 nm2 are 
straightforwardly produced. It is suggested that the shear force exerted onto 
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Relative stability of thiol and selenol based 
SAMs on Au(lll) - exchange experiments 
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Two fully analog homolog series of thiol and selenol based aromatic sulf- 
as $«jnbl ©fit use-vie J ay% r r (SAMs) on Au(lll) as Me (C6H4) 2 (CH2) n-S-Au (111) 
(BPnS/Au (111) , n = 2-6) and Me (C6H4) 2 (CH2 ) n-Se-Au ( 111 ) (BPnSe/Au ( 111 ) , n = 2- 
6), resp., were used to elucidate the relative stability of the S-Au(lll) and 
Se-Au(lll) bonding by monitoring their exchange by alkanethiol and 
alkaneselenol mols. from their resp. solns. The exchange process was 
monitored using IR reflection absorption spectroscopy (IRRAS). Two main 
results obtained by these study are: (1) the selenium-based BPnSe/Au ( 111 ) 
series is significantly more stable than their sulfur analogs; (2) a clear 
odd-even effect exists for the stability of both BPnS/Au(lll) and 
BPnSe/Au ( 111 ) SAMs towards exchange processes with the even-numbered systems 
being less stable. The results obtained are discussed in view of previously 
reported microscopic and spectroscopic data of the same SAMs addressing the 
issue of the relative stability of S-Au(lll) and Se-Au(lll) bonding, which is 
an important factor for the rational design of SAMs . 
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AB A supramol. network changes the mechanism by which underpotential deposition 
(UPD) of copper proceeds on a gold electrode modified by a self-assembled 
monolayer (SAM) . Lateral diffusion of Cu adatoms is suppressed between 
adjacent cells of a network/SAM hybrid structure. Instead, UPD occurs by 
direct deposition into the SAM filled pores of the network, where the Cu 
adatoms are confined. 
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AB " - ( ) of 3- (4-pyridine-4-yl-phenyl) -propane-l-thiol 

(PyP3) on Au (111) /mica were studied by scanning tunneling microscopy (STM), 
polarization-modulated IR reflection absorption spectroscopy (PM-IRRAS), high- 
resolution x-ray photoemission spectroscopy (HRXPS), and near-edge x-ray 
absorption fine structure (NEXAFS) spectroscopy. The quality of the SAM is 
strongly dependent on the solvent. Substantial gold corrosion is observed if 
pure ethanol is used. But highly ordered and densely packed SAM-:, are formed 
from acetonitrile or a KOH/ethanol mixture The structure is described by a 
2a/3 + V3 unit cell with the aromatic moiety oriented nearly perpendicular to 
the surface. The PyP3 films form with the pyridine moiety deprotonated . 
Variation of pH allows reversible protonation without measurable damage of the 
SAM, 
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We have investigated the friction and adhesion properties of two structurally 
different phases of co- ( 4 ' -methylbiphenyl-4-yl) butanethiol CH3 (C6H4 ) 2 (CH2 ) 4SH 
(BP4) self-assembled monolayers (SAMs) on gold under water with scanning force 
microscopy. While the identical chemical of the two phases is reflected by 
very similar water contact angle values, lateral force measurements and force 
distance curves reveal the strong influence of the structure, i.e., of the 
mol. and defect d. on the mech. properties of the SAM , A surprisingly high 
difference in the resistance of the films to shearing but a similar friction 
coefficient is found for the two phases indicating a crucial influence of the 
film structure on the energy dissipation in SAMs . The results highlight the 
importance of structural effects in the interpretation of surface properties. 
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AB One of the central challenges in nanotechnol . is the development of flexible 

and efficient methods for creating ordered structures with nanometer precision 
over an extended length scale. Supramol. self-assembly on surfaces offers 
attractive features in this regard: it is a bottom-up' approach and thus 
allows the simple and rapid creation of surface assemblies, which are readily 
tuned through the choice of mol. building blocks used and stabilized by 
hydrogen bonding, van der Waals interactions, 71-71 bonding or metal 
coordination between the blocks. Assemblies as two-dimensional open networks 
are of particular interest for possible applications because well-defined 
pores can be used for the precise localization and confinement of guest 
entities such as mols. or clusters, which can add functionality to the 
supramol. network. Another widely used method for producing surface 
structures involves self -assesibled monolayers ( SAMs ) , which have introduced 
unprecedented flexibility in the ability to tailor interfaces and generate 
patterned surfaces. But SAMs are part of a top-down technol. that is limited 
in terms of the spatial resolution that can be achieved. The authors 
therefore rationalized that a particularly powerful fabrication platform might 
be realized by combining noncovalent self-assembly of porous networks and 
SAMs, with the former providing nanometer-scale precision and the latter 
allowing versatile f unctionalization . The two strategies can indeed be 
combined to create integrated network-SAM hybrid systems that are sufficiently 
robust for further processing. The supramol. network and the SAM can both be 
deposited from solution, which should enable the widespread and flexible use 
of this combined fabrication method. 
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AB Underpotential deposition (UPD) of Cu on Au(lll) electrodes modified by self- 
as.sn sbi« - s ( AM ) of (o- ( 4 ' -methylbiphenyl-4-yl ) ethanethiol (BP2) was 

studied in situ by electrochem. scanning tunneling microscopy. The UPD layer 
intercalated between SAM and Au consists of monat . high nanoislands on top of 
an extended Cu film. Nucleation and growth of the Cu UPD layer are accounted 
for by a mechanism that is fundamentally different from the one suggested in 
the literature for alkanethiols . Domain boundaries, vacancy islands, or step 
edges do not act as nucleation sites. The electrode passivation is therefore 
not limited by the intrinsic structure of the SAM but by extrinsic defects, 
which are associated with more substantial discontinuities in the SAM. These 
act not only as nucleation centers for the Cu UPD but throughout the whole 
growth process are the only sites through which Cu penetrates. The growth 
proceeds by diffusion of Cu at the SAM-substrate interface until completion of 
the UPD layer. The implications of the observations for the generation of 
metal-SAM-metal structures are discussed. 
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AB Using laser ionization in combination with time-of-f light mass spectrometry, 
we have studied ion-induced desorption of neutral particles from self- 

claj. - SAMs ) of ro-(4'-methylbiphenyl-4-yl) alkane thiols 
(CH3 (C6H4 ) 2 (CH2 ) nSH, BPn, n = 2, 4, 6) formed on Au(lll) substrates. Because 
BPn/Au(lll) SAMs with n = even exhibit polymorphism, the effect of purely 
structural changes on emission yield and fragmentation pattern could be 
studied without interference from changes in the chemical composition In 
spite of the high energy of the primary ion beam (15 keV) , the mass spectra 
reveal a striking sensitivity of the desorption process to rather subtle 
changes in the structure of the layer. Depending on the SAM structure, 
substantial differences in the ratio between the cleavage of the mol.- 
substrate and the C-S bonds are observed For applications of SAMs as resists 
in ion beam lithog., the results demonstrate that well-defined removal of 
mols. requires exact control of the SAM structure. 
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AB Selt- ( ) prepared on Au(lll) substrates from solns. of 

co-(4'-methylbiphenyl-4-yl)ethane thiol (CH3 (C6H4 ) 2 (CH2 ) nSH, n = 2, BP2), at 
room temperature and subsequently annealed at temps, of up to 423 K were 
studied using scanning tunneling microscopy, LEED, high-resolution XPS, and 
near-edge X-ray absorption fine structure spectroscopy. Upon annealing a 
phase transition occurs from the low-temperature (5^3 + 3) structure common to 
all SAMs prepared from the series of BPn homologues with n = even studied so 
far, to a new structure which is markedly different from the high-temperature 
phases of the higher BPn homologues. Although its basic structure can be 
approximated by a (2^3 + 2) unit cell, the regular occurrence of line defects 
running exclusively along the <11 .hivin . 2> direction is the most 
characteristic feature of this new phase. Irresp. of these defects the phase 
transition dramatically improves the stability of the BP2 monolayer as 
demonstrated by exchange expts. In contrast to BP2, SAMs made from the 
closely related 2-phenylethane thiol (C6H5 (CH2 ) 2SH, P2) do not show any phase 
transition. The differences between BP2, its higher homologues, and P2 
highlight the subtleties of the interplay of different factors determining the 
structure of a SAM. 
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layers (SAMs) of two (0- ( 4 ' -methylbiphenyl-4-yl ) alkanethiols 
(CH3 (C6H4 ) 2 (CH2 ) nSH, BPn, n = 4, 6) on Au(lll) substrates, prepared from 
solution at room temperature and subsequently annealed at temps, up to 493 K 
under a nitrogen atmospheric, were studied using scanning tunneling microscopy 
(STM), high-resolution XPS (HRXPS), and near-edge X-ray absorption fine 
structure spectroscopy (NEXAFS) . In striking contrast to BPn SAMs with n = 
odd, for which only one phase is observed, the even-numbered BPn SAMs exhibit 
polymorphism. Irreversible phase transitions occur which involve three phases 
differing substantially in d. and stability. Upon annealing, BP 4 and BP6 
transform into a P-phase, which is characterized by an exceptionally high 
structural quality with virtually defect-free domains exceeding 500 nm in 
diameter Exchange expts., monitored by contact angle measurement, reveal that 
the (3-phase exhibits a dramatically improved stability. The fundamental 
differences in the phase behavior of even- and odd-numbered BPn SAMs are 
discussed in terms of two design strategies based on cooperative and 
competitive effects. 
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co-(4'-methylbiphenyl-4-yl) alkane thiols CH3 (C6H4 ) 2 (CH2 ) nSH (BPn, n = 2, 3, 
and 5) on Au(lll) substrates, prepared at room and elevated temps., were 
studied using scanning tunneling microscopy. In contrast to the biphenyl 
thiol analogs with n = 0 or 1, ordered domains of large size are formed which 
exhibit small, periodic height variations on a length scale of several 
nanometers. These are attributed to solitons (or domain walls), resulting 
from structural mismatch between the mol. adlayer and the gold substrate. The 
implications of these results for the design of aromatic thiols to cope with 
stress and yield low-defect d. ••:< Lf- a> ambled yers are discussed. 
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AB The reductive desorption of selt-A ( ) of 

co-(4'-methylbiphenyl-4-yl)alkanethiols (Me-C6H4-C6H4 (CH2 ) n-SH, BPn) onAu(lll) 
on mica was studied in 0 . 5M KOH solution as a function of the length of the 
aliphatic spacer chain (n = 1-6 and 12) and for 2 different prepns . temps. 
(295 K and 343 K) . Second harmonic generation (SHG) was applied in situ 
parallel to cyclic voltammetry (CV) . Odd-even differences in the structure of 
the BPn monolayers are clearly reflected in the electrochem. stability, as 
well as by the charge and shape of the desorption peak. For n = 1-5 a single 
desorption peak is detected whereas multiple peaks occur for BP6 similar to 
hexadecane thiol which was also studied for comparison. An increased 
preparation temperature affects the shape and width of the desorption peak but 
not the position. BP1 exhibits a temperature dependence different from the 
other homologs. The relation between coverage monitored by SHG and desorption 
charge determined from the CVs is linear and surprisingly independent from the 
details of the SAMs . The combined SHG and CV expts. suggest that capacitive 
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and faradaic current are always closely coupled even for BP6 and hexadecane 
thiol which exhibit multiple desorption peaks. 
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onolayers of 



co-(4'-methylbiphenyl-4-yl) butanethiol (H3C-C6H4-C6H4- (CH2 ) n-SH) on Au(lll) 
substrates were investigated with scanning tunneling microscopy and contact 
angle measurements. A striking polymorphism was observed upon annealing, and 
structural changes were paralleled by a switch in stability against exchange 
by other thiols from unstable to stable. The phase formed at temps, above 413 
K was characterized by a very high structural perfection over areas exceeding 
105 nm2 . The results suggest an addnl . dimension in the control of structure 
and properties of thiol monolayers if different factors contributing to the 
energetics of SAMs enter in a competing rather than a cooperative way. 
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of co-Biphenylalkanethiols on Au(lll): Influence 
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layers (SAM) of co- ( 4 ' -methylbiphenyl-4-yl ) alkanethiols 
(BPn, n = 1-6) on Au(lll) substrates, prepared at room and 
re studied using scanning tunneling microscopy (STM) . 
Molecularly resolved images reveal that all BPn SAMs form well-ordered layers 
over areas easily exceeding 50 + 50 nm2 . Only two basic structures are 
alternatingly adopted with n changing between odd and even. The unit cell of 
odd-numbered SAMs is described by an oblique {2^3 + V3)R30° structure and 
contains two mols. In contrast, the even-numbered SAMs are described by a 
much larger, rectangular (5^3 + 3) structure with eight mols. per unit cell 
and occupying an area per mol. larger by about 25% compared to n = odd. With 
the exception of BP1 and BP6 the preparation at elevated temps, resulted in a 
significant improvement in structural quality, yielding very large domains. 
For BP6 prepared at 343 K a strong domain anisotropy is observed, which is 
explained by the influence of the alkane spacer chain. For BP1 prepared at 343 
K formation of gold islands is concluded. 
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Monolayers of CO- ( 4 ' -methyl-biphenyl-4-yl ) -alkanethiols (CH3-C6H4-C6H4- (CH2 ) m- 
SH, m=l-6, BPm) adsorbed on polycryst. gold were investigated by cyclic 
voltammetry. In sharp contrast to alkane thiols, the BPm monolayers show an 
electrochem. stability which alternates with the length of the alkane spacer. 
For m=even, reductive desorption takes place at potentials 83 mV more pos. 
compared with m=odd. This odd-even effect is detected only for native layers 
and is lost after the first voltammetric cycle due to incomplete readsorption . 
In addition to the desorption potential the charge associated with the 
desorption also exhibits an odd-even behavior. Beyond odd-even variations of 
intermol. interactions and the thiol coverage which affect capacitive and 
Faradaic contributions to the desorption peak, the influence of an m-dependent 
charge distribution at the sulfur | gold interface is discussed with respect 
to its influence on the Faradaic component and the assumption of a one 
electron transfer process in the reductive desorption of thiols. 
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AB Self-assembled monolayers of a series of ro- ( 4 ' -methyl-biphenyl-4-yl ) - 

alkanethiols (CH3-C6H4-C6H4- (CH2 ) m-SH, m = 1-6) formed on polycryst. gold and 
silver surfaces were characterized in detail by contact angle measurements, 
optical ellipsometry, XPS, reflection absorption IR spectroscopy (IRRAS), and 
near-edge X-ray absorption fine structure spectroscopy (NEXAFS) . The 
orientation of the biphenyl moiety, determined by combining the results from 
IRRAS and NEXAFS, exhibits a pronounced dependence on the number of methylene 
groups. Similar to n-alkanethiols an odd-even effect is observed which on 
silver is opposite to that on gold. For m = odd on gold and m = even on 
silver the arrangement of the aromatic moieties agrees well with the bulk 
structure of biphenyl, and the bonding of the thiols to the substrate is in 
agreement with an sp3 hybridization of the sulfur on gold and sp on silver, 
resp. In the opposite case of m = even on gold and m = odd on silver, the 
biphenyl moieties adopt a significantly more canted orientation which, as a 
consequence, results in a lower coverage. The odd-even behavior of the 
coverage is in sharp contrast to that seen for n-alkanethiols. The expts. 
provide evidence that a significant driving force exists to pertain the sp3 
and sp hybridization of sulfur on gold and silver, resp. In the case of gold 
substrates the exptl. results are in conflict with available bending 
potentials derived from ab initio calcns. 
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AB A method is presented for depositing mixed self- assembled monolayers (SAMs) 
of dodecanethiol (C12) and 4 ' -Me-1 , 1 ' -biphenyl-4-butane (Me-C6H4-C6H4 (CH2 ) 4- 
SH, BP4) by insertion of BP4 into a closely packed SAM of dodecanethiol on 
Au(lll). Insertion takes place at defect sites such as domain boundaries or 
etch pits in the Au surface that are characteristic of C12 monolayers on Au . 
With a lower probability, insertion also occurs beside defect sites inside 
dodecanethiol domains. Insertion at defect sites results in domains of BP4, 
whereas insertion into C12 domains leads to isolated BP 4 mols. The isolated 
BP 4 mols. are shown not to move at room temperature By comparing the apparent 
height of the isolated BP4 mols. and BP4 domains, probably the isolated mols. 
have the same conformation as in the full-coverage phase. A simple 2-layer 
model is proposed to characterize the current transport through BP 4 . The 
decay constant |3 for the phenylene groups is deduced from the apparent STM 
heights of the inserted BP 4 islands compared to the STM heights of the C12 
closely packed monolayers. 

IT >^ 0 S > \ toI l-bound 

(STM study of mixed alkanethiol/biphenylthiol self- 
sssetftblfed monolayers on Au surface) 

RN 298704-23-1 HCA 

CN [l,l'-Biphenyl]-4-butanethiol, 4' -methyl- (CA INDEX NAME) 



CC 66-4 (Surface Chemistry and Colloids) 

ST STM alkanethiol biphenylthiol mixed selr 8 " 

;;:").": o i a y a ,r g o 1 d 
IT Sol':- v \ s 

(STM study of mixed alkanethiol/biphenylthiol self- 
aassiifibled monolayer;} on Au surface) 



August 31, 2011 10/594,654 

IT Thiols, properties 

(gold-bound; STM study of mixed alkanethiol/biphenylthiol self 

-assembled monolayers on Au surface) 
IT 112-55-0D, 1-Dodecanethiol, gold-bound 7440-57-5D, Gold, thiolated 
•>. v - v-u\ gold-bound 

(STM study of mixed alkanethiol/biphenylthiol self- 

sssssssih-led :r •:,:•..:•* :-yers on Au surface) 

RETABLE 



Referenced Author 
(RAU) 


I Year 
1 (RPY) 


VOL 
(RVL) 


PG 

(RPG) 


| Referenced Work 
| ( RWK ) 


I Referenced 
I File 


Arte, S 


I 1995 


11 


3882 


| Langmuir 


1 


Azzam, W 


12003 


19 


8262 


| Langmuir 


I HCA 


Bain, C 


11988 


110 


6560 


|J Am Chem Soc 


I HCA 


Bain, C 


11989 


111 


7164 


|J Am Chem Soc 


I HCA 


Bumm, L 


I 1999 


103 


8122 


|J Phys Chem B 


I HCA 


Bumm, L 


I 1996 


271 


1705 


I Science 


I HCA 


Camillone, N 


I 1993 


98 


3503 


|J Chem Phys 


I HCA 


Chen, S 


12001 


105 


2975 


|J Phys Chem B 


I HCA 


Chen, S 


12000 


16 


9287 


I Langmuir 


I HCA 


Cygan, M 


11998 


120 


2721 


|J Am Chem Soc 


I HCA 


Delamarche, E 


I 1994 


10 


2869 


Langmuir 


I HCA 


Dunbar, T 


12000 


104 


4880 


|J Phys Chem B 


I HCA 


Fenter, P 


I 1997 


106 


1600 


|J Chem Phys 


I HCA 


Figgeri, A 


12000 


16 


7757 


Langmuir 


1 


Heister, K 


11999 


15 


5440 


I Langmuir 


I HCA 


Holmlin, R 


12001 


113 


2378 


|Angew Chem, Int Ed 


1 


Huisman, B 


1 1999 


38 


2248 


|Angew Chem, Int Ed 


I HCA 


Ishida, T 


12000 


104 


11680 


I J Phys Chem B 


I HCA 


Ishida, T 


12000 


18 


1437 


J Vac Sci Technol, 


A | HCA 


Ishida, T 


11997 


13 


3261 


I Langmuir 


I HCA 


Jaschke, M 


I 1996 


100 


2290 


|J Phys Chem 


I HCA 


Kaun, C 


12003 


3 


1521 


INano Lett 


| HCA 


Kumar, A 


11993 


63 


2002 


|Appl Phys Lett 


I HCA 


Li, L 


12003 


19 


3266 


Langmuir 


I HCA 


Love, J 


12005 


105 


1103 


I Chem Rev 


I HCA 


Lussem, B 


12005 


249 


197 


|Appl Surf Sci 


1 


Lussem, B 


12005 


21 


5256 


Langmuir 


| MEDLINE 


Magoga, M 


I 1997 


56 


4722 


IPhys Rev B 


I HCA 


Menozzi, E 


12004 


10 


2199 


I Chem-Eur J 


I HCA 


Morgenthaler , S 


12003 


19 


10459 


| Langmuir 


I HCA 


Moth-Poulsen, K 


12005 


5 


783 


INano Lett 


I HCA 


Muller-Meskamp, L 


12005 


109 


11424 


|J Phys Chem B 


1 


Nakasa, A 


12000 


157 


326 


|Appl Surf Sci 


I HCA 


Nelles, G 


I 1998 


I 66 


S1261 


|Appl Phys A 


I HCA 


Nelles, G 


11998 


14 


808 


| Langmuir 


I HCA 


Poirier, G 


I 1994 


10 


2853 


| Langmuir 


I HCA 










| Langmuir 




Prime, K 


I 1991 


252 


1164 


I Science 


|HCA 


Rong, H 


12001 


17 


1582 


| Langmuir 


|HCA 


Scherer, J 


I 1997 


13 


7045 


| Langmuir 


|HCA 


Schonherr, H 


I 1996 


12 


3891 


| Langmuir 




Schonherr, H 


I 1996 


12 


3898 


| Langmuir 




Schreiber, F 


12000 


65 


151 


IProg Surf Sci 


|HCA 


Selzer, Y 


12002 


106 


10432 


|J Phys Chem B 


I HCA 


Shevade, A 


12001 


17 


7566 


| Langmuir 


|HCA 


Slowinski, K 


I 1999 


121 


7257 


|J Am Chem Soc 


|HCA 


Smith, R 


12001 


105 


1119 


|J Phys Chem B 


|HCA 


Szuchmacher, B 


I 2005 


127 


10010 


|J Am Chem Soc 




Takami, T 


I 1995 


11 


3876 


| Langmuir 


|HCA 



August 31, 2011 






10/594,654 






Wakamatsu, S 




I 2002 


|198 


I 785 


IColloids Surf, A 


1 


Wakamatsu, S 




I 2002 


| 41 


4998 


| Jpn J Appl Phys 


I HCA 


Wakamatsu, S 




I 2003 


I 97 


I 19 


| Ultramicroscopy 


|HCA 


Wang, W 




I 2003 


I 68 


I 035416 


IPhys Rev B 


| 


Wold, D 




12000 


| 122 




|J Am Chem Soc 


|HCA 


Wold, D 




I 2002 


I 106 


12813 


|J Phys Chem B 


|HCA 


Yamada, R 




I 2005 


|21 


| 4254 


| Langmuir 


|HCA 


Yasutake, Y 




12005 


15 


I 1057 


INano Lett 


IHCA 


Zhang, L 




12002 


1117 


| 7342 


|J Chem Phys 


I HCA 


OS. CITING REF 


COUNT: 


3 


THERE ARE 3 


CAPLUS RECORDS THAT 


CITE 








(3 CITINGS) 






L3 7 ANSWER 2 


OF 14 


HCA COPYRIGHT 


2011 ACS on STN 




ACCESSION NUMBER: 


142 : 


417627 


HCA 







CORPORATE SOURCE: 



PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 



Modification and Stability of Aromatic Self- 
upon 

Irradiation with Energetic Particles 

Cyganik, P.; Vandeweert, E . ; Postawa, Z . ; Bastiaansen, 
J.; Vervaecke, F.; Lievens, P.; Silverans, R. E . ; 
Winograd, N. 

Smoluchowski Institute of Physics, Jagiellonian 
University, Krakow, PL 30-059, Pol. 
Journal of Physical Chemistry B (2005), 
109(11), 5085-5094 
CODEN: JPCBFK; ISSN: 1520-6106 
American Chemical Society 
Journal 
English 

We have studied ion and electron irradiation of self- assembled mono .layers 
( SAMs ) of 2-(4'-methyl-biphenyl-4yl)-ethanethiol (BP2, CH3-C6H4C6H4CH2CH2-SH) 
Ph mercaptan (PEM, C6H5CH2CH2-SH) , and 4 ' -methyl-biphenyl-4-thiol (BP0, CH3- 
C6H4C6H4-SH) deposited on Au(lll) substrates. Desorption of neutral particle 
from PEM/Au and BP2/Au was investigated using laser ionization in combination 
with mass spectrometry. The ion-induced damage of both BP2 and PEM SAMs is 
very efficient and interaction with a single ion leads to the modification of 
tens of mols. This feature is the result of a desorption process caused by a 
chemical reaction initiated by an ion impact. Both for ions and electrons, 
expts. indicate that the possibility for scission of the Au-S bond strongly 
depends on the chemical nature of the SAM system. We attribute the possible 
origin of this effect to the orientation of the Au-S-C angle or adsorption 
sites of mols. The anal, of electron-irradiated PEM/Au and BP2/Au, using ion 
initiated laser probing, enabled measurements of the cross section for the 
electron-induced damage of the intact mol. or specific fragment. Anal, of 
electron-irradiated BPO/Au by using time-of-f light secondary ion mass 
spectrometry (TOF-SIMS) provides direct evidence for the quasi-polymerization 
process induced by electron irradiation 
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ooU-isu N * ( ONV ^) of co— ( 4 ' — methylbiphenyl — 4— yl ) alkanethiols 

CH3 (C6H4 ) 2 (CH2 ) nSH (BPn, n = 3 and 4) on Au(lll) substrates were studied using 
scanning tunneling microscopy (STM) and LEED (LEED) . Preparation at elevated 
temperature results in highly ordered layers with large domains. Whereas the 
(2^3 + ~V3) structure of the BP3 SAi-is is similar to that reported previously 
for other aromatic thiols, SAMs made from BP 4 exhibit a very different 
structure. A (5^3 + 3)rect unit cell containing 8 mols. is found which 
corresponds to a packing d. reduced by 25% compared to that of BP3 . The odd- 
even effect observed in the molecularly resolved STM images of BP3 and BP4, 
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therefore, confirms the pronounced influence of the spacer chain on the 
structure of these biphenyl -based SMs. 
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Electrochemical and exchange studies of self 
-assembled, monolayers of biphenyl 
based thiols on gold 

Felgenhauer, T.; Rong, H.-T.; Buck, M. 
Lehrstuhl fur Angewandte Physikalische Chemie, 
Heidelberg, 69120, Germany 

Journal of Electroanalytical Chemistry (2003 
), 550-551, 309-319 
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Journal 
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Of ' " v,v". ,.os of (0- (4 ' -methyl-biphenyl-4-yl) -alkanethiols (CH3- 

C6H4-C6H4-(CH2)n-SH, n=0-6) adsorbed on polycryst. gold were investigated. 
For n=l-6 the reciprocal capacity exhibits a linear dependence on the length 
of the alkane spacer. Its change of 0.054±0.0036 cm2 uF-1 per CH2 group and 
the calculated dielec. constant of . vepsiln . =2 . 5 agrees well with the values 
of n-alkane thiols. .vepsiln. Of the aromatic tail group is around 5 which is 
substantially larger than the bulk value of biphenyl. Measurements of the 
charge transfer rate yield an exponential dependence on the number of 
methylene units but reveal significant differences from alkanethiols. Transfer 
rates are more than a factor of 100 larger than those for alkane thiols of 
comparable length and the tunneling constant of 1.48±0.15 A-l is higher 
compared to the value of about 1 A-l for pure alkane thiols. In contrast to 
the film structure which alternates with the number of CH2 units, no odd-even- 
effect is observed either for the capacity or for the charge transfer rate. 
However, the structural differences are reflected in the exchange kinetics. 
Exposure of the biphenyl monolayers to a hexadecane thiol solution reveals a 
significant dependence of the exchange rate on n. SAMs with n=even are 
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displaced more easily compared to n=odd with differences being largest for 
shorter spacer chains. 
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We studied particle-stimulated desorption processes of highly ordered, self- 
;s ; ; -i-'^bied ii-onc layers of biphenyl-based thiols covalently bound to Au/mica 
substrates with laser postionization in combination with mass spectrometry. 
Direct evidence was obtained that large mol. fragments are removed from thes 
monolayers during impact of electrons with a kinetic energy of 1 keV. The 
damage that accumulates in the self-assembled monolayer with increasing 
electron dose was measured using ion-beam, sputter-initiated laser probing. 
Our results show that electron-induced desorption competes with the gradual 
erosion of the monolayer by the formation of a carbonaceous residual layer o 
the substrate. 
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(4'-methyl-biphenyl-4-yl)ethanethiol (BP2) CH3 (C6H4) 2CH2CH2-SH deposited on 
Au(lll) substrate was investigated. The emission of neutral fragments was 
measured by laser postionization mass spectrometry. From exptl. obtained 
time-of-f light (TOF) distributions, it was determined that the majority of 
ion-desorbed neutral mols. leave the surface with very low translational 
energies. As the sample temperature is reduced, the distributions become 
broader and shift to longer flight times. The shift is the most pronounced 
for mols. emitted from BP2 and increases with the size of the recorded mol. 
fragment. The time dependence of neutral desorption signal shows that the 
damage cross section is large and exceeds the damage cross section reported 
for electron-irradiated samples by orders of magnitude. 
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AB The authors set up a doubly-resonant sum frequency generation (DR-SFG) 

spectrometer based on the use of an all-solid-state flash-lamp-pumped Nd:YAG 
laser that synchronously pumps two parametric oscillators. Pulses as short as 
12 ps FWHM are generated by mode locking a Nd:YAG oscillator using a frequency 
doubling nonlinear mirror combined with a two-photon absorber. The available 
pump power is shared between a LiNb03/AgGaS2 optical parametric oscillator 
(OPO), tunable from 3800 to 1100 cm-1 and a BBO OPO tunable from 410 to 2600 
nm. Spectral resolution and pulse are 2 and 3 cm-1 in the IR and visible 
spectral ranges, resp. First DR-SFG spectra of v - ^ >. on 

Au are presented. 
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IR-visible sum-frequency vibrational spectroscopy of 
Biphenyl-3 methylene thiol monolayer on gold and 
silver: effect of the visible wavelength on the SFG 
spectrum 
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The authors measured IR-visible sum-frequency generation spectra of CH3- 
(C6H4 ) 2- (CH2 ) 3-S-H (Biphenyl-3) sfclf-asseiafoled monolayers on a Ag and a Au 
substrate. For the latter substrate, the authors observed different 
interference patterns between the resonant signal of the CH vibration and the 
nonresonant contribution of the substrate as a function of the visible beam 
wavelength. The nonlinear response of the Au substrate is enhanced around 480 
nm corresponding to the s-d interband transition. Such effect is not observed 
for the Ag substrate the interband transition of which is located out of the 
studied visible spectral range of 450 - 700 nm. 
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AB The low-energy • 
formed from 

co-(4'-methylbiphenyl-4-yl)alkanethiols Me (C6H4 ) 2 (CH2 ) nSH (BPn, n = 0, 1, 4, 5, 
and 12) on Au substrates was studied. The pristine and heavily (8000 uC/cm2) 
irradiated films were characterized in detail by XPS, near-edge x-ray 
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absorption fine structure spectroscopy, IR reflection absorption spectroscopy, 
and advancing contact angle measurements. In contrast to SAMs of conventional 
alkanethiols but similar to pure aromatic thiol-derived systems, only minor 
damage is observed for the aliphatic-aromatic BPn films. In particular, the 
orientational order and anchoring to the substrate are retained upon the 
irradiation At the same time, C-H bond scissions in the aromatic part occur, 
leading to a crosslinking between the neighboring biphenyl moieties. Whereas 
the general behavior of the BPn S&Ms with respect to electron irradiation is 
qual . similar, the extent of the irradiation-induced changes depends on the 
packing of these systems. The densely packed BP1 and BP5 SAMss are much more 
stable with respect to electron bombardment than the less densely packed BP4 
films. The relation between the packing d. and the extent of the irradiation- 
induced changes seems to be a general phenomenon in monomol. films, which 
provides a tool to tailor the reaction of these systems toward ionizing 
radiation for lithog. applications. 
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AB Seii'-asss^iPi; ao-'ioiiyer ; f 

co-(4'-methyl-biphenyl-4-yl)-dodecyl thiol [CH3-C6H4-C6H4- (CH2 ) 12-SH, BP12] on 
gold were patterned via exposure to 300 eV electrons. Subsequent copper 
deposition in an electrochem. cell revealed behavior opposite to that of 
electron beam patterned monolayers of alkanethiols . Whereas alkanethiols act 
as a pos. resist and lead to copper deposition only on irradiated parts, the 
biphenyl based thiol acts as a neg. resist. At the irradiated areas the layer 
exhibits blocking behavior and copper deposition is observed only on the 
nonirradiated parts. 
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AB The authors have studied ion-stimulated desorption of neutral mols. emitted 
from 8 keV Art ion-bombarded v ) of phenethyl 

mercaptan (PEM) C6H5CH2CH2-SH and 2- ( 4 ' -Me-biphenyl-4-yl ) -ethanethiol (BP2) 
CH3C6H4C6H4CH2CH2-SH deposited on Au(lll) substrate. Neutral mols. were 
detected by laser postionization mass spectrometry. Only mol. fragments were 
detected from ion-bombarded systems. The mass spectra obtained for sputtered 
and gas phase fragments indicate that mols. recorded during ion bombardment 
were indeed emitted from the surface and were not the result of 
photof ragmentation induced by the ionizing laser beam. From exptl. obtained 
time-of-f light (TOF) distributions, the majority of desorbed neutral mols. 
leave the surface with very low translational energies. As the sample 
temperature is reduced, the distributions become broader and shift to longer 
flight times. The shift is more pronounced for mols. from BP2 and increases 
with the mass of the recorded mol. fragment. The authors postulate that the 
emission of mols. is initiated by processes which gently break mol. bonds 
(e.g., chemical reactions, secondary electrons). The formed fragments are 
loosely bound to the surface and can be removed by evaporation At the studied 
temperature range (170-350 K) , the observed emission delay is attributed to 
the time required for the mol. to evaporate from the surface and is not 
influenced by the bond breaking rate. 
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AB Synchrotron-based high-resolution XPS was applied to characterize self- 
ass ( ) t biphenyl-substituted alkanet hiol s 
CH3 (C6H4 ) 2 (CH2 ) nSH (BPn, n = 1-4) on Au and Ag substrates. Beyond previously 
identified odd-even changes in the packing d. and the tilt angle of the 
biphenyl moieties, the high-resolution spectra reveal a number of addnl. odd- 
even effects upon variation of the number of methylene groups in the aliphatic 
part in the BPn mol. Their occurrence and mutual correlation suggests that a 
BPn SAM represents a strongly correlated, highly ordered mol. assembly. In 
particular, periodical changes of a shake up feature in the C Is region are 
observed, which are related to the differences in the arrangement of the 
aromatic matrix. The width and binding energy position of the S 2p signals 
also exhibit odd-even changes. The width changes are associated with the 
occupation of either equivalent or nonequivalent adsorption sites on the 
polycryst. (Ill) Au and Ag substrates. The comparison of the width values 
with those for conventional alkanethiols implies that the substrate bonding of 
alkanethiols on gold cannot be described by a single adsorption site. 
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AB ' - " v ^ >^ v ^ ^ -s, (SAMs ) of 4-methyl-4 ' -mercaptoethyl-biphenyl (HS- 

CH2-CH2-C6H4-C6H4-CH3) and hexadecane thiol (HS- (CH2 ) 15-CH3 ) adsorbed on 
Au( 111) /mica were investigated by cyanide etching to identify defects in the 
monolayer. The etch pits formed around a defect were examined ex situ by STM. 
For both thiols removal of Au atoms begins in the vicinity of terrace edges 
and leads to the formation of triangular pits on the Au terraces. The defect 
densities of both thiols are comparable and the etch rate is slightly higher 
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with a charge permeability orders of magnitude higher than for alkane thiols 
makes biphenyl-based thiols a promising material for modifying electrochem. 
properties of electrodes. 
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The equilibrium structure of alkanethiol - . ! on metal 

substrates is determined by a delicate interplay of the intermol. chain-chain 
and chemisorptive substrate-head group interactions. To understand the role 
of the individual constituents of this interplay, we studied the structure of 
biphenyl and perf luoroalkyl terminated alkanethiol v N ^ t *° - 
on Au and Ag . The structural characteristics of the monolayers derived from 
NEXAFS, FTIRRAS and XPS measurements point to a decisive role of the 
directional substrate-head group interactions. 
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